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(54) OFDM MODULATION/DEMODULATION METHOD AND OFDM MODULATION/DEMODULATION CIRCUIT 
(57)Abstract 

PROBLEM TO BE SOLVED: To decrease mis-detection of timing and to reflect the 
timing mis- detection on timing control by detecting mis-detection of timing quickly 
in the orthogonal frequency division multiplex(OFDM) modulation/demodulation 
method and the OFDM modulation/demodulation circuit. 
SOLUTION: In the OFDM modulation method that generates an orthogonal 
frequency multiplex signal where a specific synchronizing signal SS is repetitively 
added to a signal part before signals that is differentially coded by information to be 
sent and information appearing precedingly to the information, a guard interval GI is 
formed between the synchronizing signals SS appearing repetitively and a repeating 
period Tss for the synchronizing signal is selected longer than a length Tw of each 
synchronizing signal. 
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[<8ffFlf;fc©i5B] 

t)£ LWiD*nfcifi*iBS**fi^*4ja-r-5 ofd 

*t)jgbansilgBP«Bfflfi^<olBlt:, #-K-f>*- 
/W^«SU BilEEJIHfflOT©*D*USJU!fc#*© 

FDM£H;#iS. 

*»« (B^fftiWT 5 0 F D MttH^Sslcfclr^ 

i: 3«B<J&£»K<i t ffl £ f 4 Rfr5£<I ©-» 
jKft*#K 

sgme^cawfHwesRf ztznmttz o f 
t>« LWjp^nfcifiSEjssaR^s^ft^fiE-r a o f d 

M«filHl»C*V>'C, 

h ;M * U [ami:, 
huIB^^- b i->#;M ^ 'J @]S&£fBffi£ftfc;**- h 
*»#;i/fc»»HIi: bTA*;©^ ft^iM^b-f 4M® 
iWbHK^ 

"T4^^- h '>>^M^DlelE&i:, 

tfiEawEs? - u :c&&n&* <=> <* n 4 <§^tc*r b 

y^©OFDM*> K-f ^l/ftft-j&Q 

-r s 5 s * s> * 7^- d ^g&iass 4: * »» & - t ft# 

d s t mo s ft* essjssas^ae^ ft sm t r » e. n 
ssfie-^saa-r* ofd Mmmm^^x. 



zmm b fcfs^ ft r 4 smhes t > 

liflffiSBEIlKtftBA-rSM^OPiaaRfflMSfflffilRlJHIal 

»tfffi*-rs«iEfflffl<i^"e«iE'r«««aH«iE@» 

SJ3B««MiE|sl»#ta*'r4«SaR1fiE$fi&5MM 

H5i3^[iiE&A s ^tBb^ii^>^;^'f 5 > 

iulB#- >^-^-;H^4E]S&^ai*-r4S«(f ^?ft 

SuBBaM^iassi s tB^i- 4 saB«^c^sns««© 

tt»Cffl^"r*Bf^tti:©-SUS&*»*4:fct)K:, flu 

c o ^ r i ns-r 4 — sttftm a s& t > 

tulB-S^fct5lllES©AD»^^^46^«)fcSlfit^Jt^ 

u MfaiD^iSg*A s H^If3M^i&ffi^Tl^*^^^^{±H^i 

EIS]«8[I]E&ft 'J -fe y h 1"4 fc#>© <J -fe y HB^&tfWrT 
SJtKEKfc £ Ztmft 4 O F D M«S3E 

Bo 

[»**5] »«JB4CD0FDMaSEI»C^T, 

mH3aftiiiHWi»m*-r*«^©«fiffltnr«»»¥JSft 

n-*f 4^ 1 ©^a¥^ias&h, 

5WB©^*SJil UfcM^ftiti*-r 4jiSEH]S&t> 

t5iBffifflii]te^^mii]i^4 s ai*-r4{i^©i^ratwr4 
^itppis * tmc-r 4^2 (D®m¥%s®m t , 

mam 1 ©^gj¥±51elg&Asai*t-4«^4;H(If3^ 2©^ 
i&¥*9Hl!^3!) j ai^-r4M^i:tSc5v>-C, «oi^'r^> 

4:> 

t, HuI3tfcS«le]SS©m^-r4 'J -fe >y hfi-^ftiiaE^'f ^ 
>^ttWI§lB2itf«««cRSit^|gttCBJ3Sn-r 4 i 4: ft 
^fT4 OFD M«^i]S&o 

[^0^©i¥SB«:iJiB^] 
[0 0 0 1] 

[$pj§©st4ftiffi#i?] *^B^ji N y^^/flmsa 
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«T?ffl^&n*KSUS»*£fi (OFDM : Orthogonal 
Frequency Division MultiplexingHlf^j£48LBI'3~5;fc 
HblzmmZtlZ OFD MgfMWifeStFO F D M£aH 
BIRCH U ^C^V*;!/*^ ^ >^|5]»§Cg|-f £<, 
[0 0 0 2] 

3WW)lt:e2S$n*OFDMM^®^-^ h7*-vs; 

J03, ra»*ffl^»«2itrM»WF^b*aJBffl©fc»C*Jffl 

«3*u ■?©&£#- tM ^-;WGItT-^DA 

[0 0 0 3] &*©;**— h SSZltf^—^D 
ATA©RHi±Cfi*tt, ^a&^a&fcns?— 
Jft©** >K*B*HTwi:ig--fc:£#>e>ftS. -ttat> 
*>. tJ-iyY 'JllKTwCfi^fflr — $ D ATAC^ft 

£01*. li 1 ^^l/iuCSinfe^-* £©M#{r*f LT 

#**8H§fb£ftSo 

[0 0 0 4] »JE*©»»*i£«-r*fc»t:, 0 

*DATA^lMt^i#i&£^LgiftSo ffcfc-fe, * 
-M>^-;WGICtt, ^etlt^<7 r -^DATA 

©»^BP^i:iRiDrt«#aiiiwcan*. se^t, mm 
^(*©e^*7-'jx*»«tat:A*L-c»Bfi^*a 

[0 0 0 5] fc*, -K— ;* h 7 *— v y b©$tsStf^iD 

*©**ffiF^b£ft*. B8©i5&^-^h7*-v 
ht-SlbfeOFDMfS^WSfeftC, OFD 
MfcHElBCtt, -«fcgiM3F^fblHi», **-r->> 
■xjvx ^ 'J ESS, r-s^^uttiniiiKS, 

[0 0 0 6] H8ffl,fc3*OFDMM#felMrr*fci& 
f,ft5S»©0 F DMttMBU&ZMftjftftl 
*H9t^-r. 0 9JC^-TOFDM*gf|[5]e&£A*/£ft 

bu siefi^©+©*i«Lfc^*-b'»5j?;i/Ss©» 



[0 0 0 7] £©a©HMJ|al&©£4*tt&4JtJft2:flirft£ 
o^rtts 0!l;L«, *|R1 rj&iR, ubs, 

H-rsttW * «5*ft*L RCS97-210j SVi 
8£2 tt, M. Schmid and D. C. Cox, "Low-Overhead, Low 
-Complexity [Burst] Synchronization for OFD 
M" , ICC 96, pp. 1 30 l-l 306 j C^nt^-So 

[0008] m9(Dmmw\mt. mmm^xmm.Mm 

££ft;fc&, 7-'Ji*» (FFTXIiDFT) 

[0009] 7-uis«iiii&*»6,aj**nsa(B«^ 

So f Ut> RDWiE©lS«»5»tife«^i:> gE*fl©^- 
[0 0 10] 

[0 0 1 1] ^(DttmilLX, yt-7F7t-Vv h-N 
©^---^y-K (UW) ffltt*D##x.e>ft?>#, *n 

tcCRC (Cyclic Redundancy Check) ©fgffl£i!riSli: 
LT, ^-f $>^©Ktftm*CRC^-xs»^^-f 

U S6©$n*^-^ r-:ftfc:*>fc3KfM©IHl^ lELVi 
[0012] *f5Wtt, OFD M^a^^ffiS^O F D 

Mgm.m®miz&^x, ^-r 5>^©K«a*±ft»6) 
-rz.t.&M't $ ><7-©sitaj* s ^Lta-&{c^n§ 

[0 0 13] 

mmt?nimfcmtitzmm.txmw>n^h$ntzim 

*£S«^fc£j*-r*OFDM*W£i&fc;|s^T> Mt) 
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[0 0 14] @8£^-r<fc-5fcn— 7 Y?*— 1-© 
h ©ftg?©* (HO&fflfi^) S 

#HBU ®S£*l&</^i{I-«§-fre> 2#@©;**- 
>*;i/S S£#J$LT^££#;te>ft3©T\ -e©^ 

[0015] tzzifi, m8izm?^—?.Y-y*—-?y 

YOO F DM{g^f©ii-&£fcfc, H— Y'J >^->»Vl/G I 

t ^nti^ < d a t a fc-cfctfsnaflwtt:*^ 

>^£W-e&<^ A*- H-f >^-^;i/G I £*ftlzffi< 
^-^DATA^AsatlS^-f ^ >^(C*V^T*>, »>>r 

;i/ s s © * ^ * > ^tftm izm y> 1 5 01* v „ 

[0 0 16] Hum 1 ©aSWfc^TfcJU Hk&iEUIft 
£|BI$fflfS^ (SS) ©fat:, tf-K-f^-WGI 
£ffi*/?rrSfe«K H8I/B«^©*»>SgUSI»ia«&*©l5l 
JWfflfc^Ofi* (Tw) «k!>***<fciK «*.ttia2 
C^f ht?OFDM{f^#j£«;*ft 
5. g{i$lT'£©J;-5fcOFDM{i^£g{gUT«SS-f 
Stt^ *!)jgLJBnS2-3©lRlJHfflfi^©fflBltt&« 

t>*# <&3„ d©*§£\ #— K-f >*-^;i/G I 
ft£M<v ; -*DATA£#gift£*'f 5 >^T*{±^ III 

bm^ombteLmm (Tw) ^fflHttftttw-rsfeA 
fi^f-i? dat at? «us$ n*»«c»brtfttH*n 

[0 0 1 7] if— K-f >#-^\>UG IZktfT 1 — 

* d a t Azmmmm ^©ttfr & cK^-tiam-*-*** 
**'hs<4s. at 2 ea-r^sflMRfc-fnwtii 

can&flNRkT-S»«F-tfl3*nfe«^©H!lK:^©^I 

iHffle^<rti8D*u«-jn*nfcifiSE««aR*fiM^ftg 

5ifflf*6«WL, Buias««^^#*ns«is©-y- 
'j ^©^^©fi^^fcaafltjfteasRttJBicffi 
£■*•**£**:©-»«**«>* saKsew^K^n 

E-aa©iniMe** : p»^©&«ffl[i:Jt«Lfc«e*ft 



[0 0 18] OFDM«^fcttS^fc««S©S&** 
ft©*:/** U rOJEK^tf^SnTl^S. S&ttftjftfg 

eft*jfflL-roFDMfi-5#e»3f*ifc»^fc:tt % now 
«Em*cjan4ft*^*+ u z©^tts^fri5]-©fa 

CSS. L*»U Hfflffle^W^©e^tfah.4^-f 5 

>^T*«U &1*:7**'JT©/&#£S^£&:&Lfcffi# 

[0 0 1 9] w#H2fc:fc^-tfck litc^^t'j? 
©#^©e^jEai4J-J:affl«3S:{KaBttJBK:ffi^-j-*Bf^ 

fti:©-&js**«), mkvv?*'? <)T\z^xmm 
ttfcjt«-r*©-e, i©jtttte*ttiRi»iffle^*«tftagf 
mm<Dimv>#4 1> tzm&iz, *t<D*?j% 
[0020] ti^gi 3 bu siw-r^ftfliwfcjenjwiiac: 

■r*oFDM*siiHiBt:*jv^-r, mmnmhcDtmmT' 

&ZX?—Yi/>X)l<&Vd,m.T2>7?-Yis>XJl* : £ 

z 7 9 — y > lea-r s ^ ^ — h > KMttim 

®.m.<omM79- Y ^>>^;i/©F^St>*#^©0 F DM-> 

[0 0 2 1] ^^-b^>>^;Mt UHBtt^^— hi' 

>^;u*IBtS-T5o Mib^-fblUBtt, HuiB^^-h^ 

S{f^©HUt|>IIB^^--hi'>^I/S:gaS-r5o 

isiwa7-u3i*fti5iBtt^»«f^b[Bi»*«m*-r5« 

DMi'>^;u^(tT-'5:<. i^f)SLSns«iS©^^- 

B* t aj*-r*<g^ft«ia«'r*. 

[0 0 2 2] if- |ff ^-vWttJDHBffttDjSUB 
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&ttflD-r?>©-t\ m&mitmm^ **-t->>#;u 

;i/G I RXFt-* D A T A £|5)#§ffl{a^CDttb t> fcKo 

[0023] flr&sutiu ess-r^sflwafc-enwwit: 
br#e.nssee^ft5»»"r«oFDMa«Bi»K:*j 

^■D^-^-f ^;i/*BMil»fc. MISTED ^-7^ 

^©jasaRasfeiStrsBHSBiHiis^a^-r^WiEffifflfi^ 

>*->^\n/©i&#£|&*-rs#- M ^;i/Bfc*EI 
[0 0 2 4] 7tD^-r^ S^UHftHKBu gfaft 

a«iufce^*m*-r*. ASftiiiEi§iBu:SiEiBiB# 
aj^-r s @^©h»sc{S2 * fltfiB m mm b # f s a 

iE{4ti«^-r-ffiIE-r5o #-K-f >*-^;M&£[h]B 
[0 0 2 5] S»7-'Ja:*lft|5IBttif-H'f 



c£$ft*«tt©#^*+y7fco^Tinjrrs. 
[0 0 2 6] jtRiEifttiu -atftffiiHifs^iniHS**^ 

©Jga&fcHttfcJtfRU HUHBSD^S^HuIBHflt^S^ 

ng^*Httrra« jt«isiis*«m*'r*U'fef hi 
*»cffi^r*©t?, m&m2tmm^ mmmom^v 

[0 0 2 7] ff*«5(i, n^S4©OFDM9[H[§ie 

c*v^t, mrtai^iwiiiB^ sfwf©***3uw« 
gunner mmsm\Bi®&tiitiTz>m^<Dmmmt 

(ftffl®iE^i«mia»t, mfiBSffiiiite^^miiim^tH^ 

-r*«^©l$HlcHf 4£»¥J9&fW-r3* 2 

fi^iSSJ:, autam 1 ©i£»¥19®E&#aj;>J-r£{I^ 

buIBII 2 ©^»¥±90S&*s|il*1-Sfi-^h(ca^^-t> 

>^ttaia»fc, ffliBSB2©^»5p*9iHiH5bsffiA-rs© 
^fcas^v^t»««-^©«««dR2s**tfii/, 

jf£[e]B££t&tt-t> HUB3Jt«elH]B©m^-rs U -fe y h 
[0 0 2 8] SDell&tiU see^©«**n-*-r.s. 

m i ©^iw^tuBfet, mii3g^iiiE&^m*-rs«^© 
isiiBfcHrsjaw^fc&ra'rs. sjfims&ii, see 

§f§«^ 1 mmmmmmz & x mmz ntz&mm^ t 
zmmmmrzo m 2 <D&®¥i§®mit, mm&.mmm 

««UiaK*«ffl*rSM^©KFiaK:M-rs»»3pJ9feW- 

®&&j]?zm^ t mvzm 2 ©^»¥±9[ii!Es^ffi*-r 5 
[0029] m&m.mmm%.M&&, mmm 2 ©&&¥ 
tB^-rso aai3Jt«ia»©Hi*'r* r J-by hM^it, bu 

mm&MffitftiZo 

[0 0 3 0] 

[»W©HJtffl0«] ♦»«*Satt5 0FDM*«|II 
B&St^O F D MfKaaHB©!gJfi©JftB&BI 1 ~ 7 CS« 
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T-SSo H3(±Cl©ff2!l©OFDMafi[I]E&£^-r:7"n 
V*HT?»3o H4tt£©^JB©|ql»llHlK&jjVr ^Dji 

■y^IT-feS. H6tt£©^flg©OFDMaMRlBl&©{i 

t^U*©^ 5 I/ — J/ 3 >©m^t^7 7f$5, 
[0 0 3 1] ^©J&*Tftt> 1 ©HaBfflM#»tf 

#- F-f y^-^Mt, *n-en^^ - h->>#;us s 
2*v#-K*>*-;t;uGiK:#*ts-rs. 
3<D**-t->>*;M^ 'jhes, Mim^btass, * 

ft@Bt*, ^ft^nss^uniESi i, mmn^it® 

ESI 0, SSttMUKl 2, i£F F 1 3, Gljf 
A0ES1 4SO t D/A^@S&l 5C*H6-T*. 
[0 0 3 2] If $g 4 ®7tD ^-7^ S>*;i/*tJi|5| 
E&, |H]|fila]E&, S3BEIbI&, JSSSMjEEIK, #-F-f> 

E&, -S&aillBS&VitigtlalE&ti, *ft-e*iA/D*!ft 

@ss 2 o , hjiijibib 2 2 , smiiies 2 1 , juskmieis) 

E&2 3, G m*IHE&2 4, FFT0E&2 5, 
0E&2 6, -gtffcffi@S&2 724l«fc«II»2 8 

[0 0 3 3] §§#31 5© Hi HESS, ^l©^»¥19tHl 
E&, ®S£Ih]E&, ttffl|g|£fe&mig|&, B2©^»¥^@ 

n*na*®tt3o, ^i^»¥ig[@iss3 3, smoss 

3 2, (&4g|sHE&&miin&3 1, $2&Mr¥£l5lft3 

4 , * -T $ >^WH1ES 3 5 AVHttftHMJi^lIIB 3 
6 -5. 

[0 0 3 4] mc^rOFDMSMJEItttfS&tete^i: 
l/T^fiS-r * O F D M{f ^St>*0 3 CS5tO F D Mftgl 
ElfcCgfflfi^fc LTAA^nSOFD Mfi^©^-;* 
h7*-Y^M±, 02©<fc-5 C£t>TV>So !2Cf 
; CD O F D Mif ffl;\-7 h C lia - - 

(UW) t±#**VC^fc^. ;t-*b© 

ssfc*»2im»)ji-r«i:--5ti!iB*nr^*. SuJcffig 

> >#;u S S £ ttH— ©« ^T- & 5 o 
[0 0 3 5] iH6©^4'-hi'>*;uSS©«Kt±, 

TAfc#£Sfc*t)SU!Ifta. fiiix-^DATAtt 
©£-f > H >>^^Twi:|pI— izfetsbxh&o 7.9— Vis 

»if;bss*«»t)fiuansja«BTs8tt, ^>f*b# 



BUTwfcjtf-F'f >^-^;UG I©***j6n»Lfc«ar 
[0 0 3 6] fi&x-^DATAaiitKcSKSftfctf- 

K-f ^;uGi©aaiactt, *ftctt< ess?*— * 

DATA©&gP©rt^£|5]-©{i*f#3ilft£©T\ 1-3 
©jtf— K-f vt;i/Gl©jfci8*>6 j enc«l5< l*>> 
^(/©fi^-* DATA ©&i£ S: X-(Dmm TOT- fcfc> 

* > k * i$ihi t wnrnmr- m tm^&m & m lwx 

[0 0 3 7] El t^tOF D MSHHIBtiU 
YbtslES 1 0 , SS^UBBH 1, SSttilJQleJE&l 2, 
igFFTElE&l 3, G IflJAEJESl 4MD/Afi@ 
ESI 5-t-«^$n-CV>^o Ell (3^-TOFD MEWSES 

|5tfifi&# (I ch) fcifi&jESfl- (Qch) t 
© 2 ^©«^T?«jfc£ft4«jRRM^T?i& So 

[0038] s 'Juki i izmmztix^zxt 
-t->>*;us s©^-*#«»§ttfcbT^iM^bis! 

E&l OfcttiraSfta. Mi&ft^b^ftfc^-^DATA 
©SirCtt, SS^€ UIUES1 l*»6»*liH*nfe2o© 
**-^>>tf;uS S#S SNIPES 1 2£<fcoT$l!5 
3SUt*D?tL5. 2 o©^ ^ - h S S i:St^F 

^b£ft£^-*DATAhT-«j$£ft3<§^#> i£F 

ft@ssi 3 izAtiztixmmMy-v^gimznzo 

MFFTHESl 3*»e>tH:&£n3te^CHU GI#AH] 
ESI 4 J; -=>t;*#— h^y^us S^-^tfjfc^T©^ 
-^fflgtft, **-H-f>^-y^UGI*s{t*D^nSo 
[0 0 3 9] GlftfAEIS&l 4A^?>ai^^tiSfi^{i, 
D/ASW1IB1 5f 7tDjTSf C$«*ft, 

b-rt±j^^n5o Ei3 t^-roFDM«^[ass{±^ 

A/D^g|[i]ES2 0, SSI1IES2 1 , ISJMBI11E5 2 2 , m 
^ISWIEIeim 2 3 , GI|&i[HlfiS2 4, FFT0ES2 

5, astt&@ft2 e, -stt^ai[H]ES2 7^u t it®iass 
2 8■r*«^^n■t^^s. 

[0 0 4 0] E3£^-f OFDM^iililE&JlA^fta 
5Wi(i^»r5i©OFDMaflI5|BH»^ft-5«^tt, IsJffl 
^ (Ich) (Qch) k©2o©«^7? 

«fi8*n*a*»e^tf»5. sMtw^t*, a/d^ 

HES2 Otr-f y*;HB^t*»*n, »MH1ES2 124 
[0 0 4 1] |a]^[ilES2 2C#WtHU S^e^fflA- 

;i/ss©«iiucj;D, a&te»kste«©=*+ , ;7 , ©ja» 

■6. Sftfi%i:^n&ia«BTssi:l5]DI^P^7«(j-affiLfe 
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